INTRODUCTION
============

Currently, gastric tube or gastric pull-up are the first-line options as esophageal substitutes for reconstruction after esophagectomy in patients with esophageal cancer \[[@b1-acfs-2018-02376],[@b2-acfs-2018-02376]\]. However, in cases in which the stomach is not available owing to prior or simultaneous gastrectomy for various reasons, using the colon or jejunum are the next choices \[[@b3-acfs-2018-02376]\]. Traditionally, colon interposition has been the most widely used conduit procedure, with advantages of long length, less reflux, and reservoir-like capacity \[[@b2-acfs-2018-02376]\]. The transverse and left colon is frequently used as a conduit owing to its adequate length and reliable blood supply compared with the right colon. This is mainly because of the constant existence of collateral networks between the middle colic and left colic arteries, whereas collateral circulation between the middle colic and right colic arteries is not constantly present \[[@b4-acfs-2018-02376]\]. In addition, the left colon has a thicker wall and a smaller diameter than the right colon \[[@b5-acfs-2018-02376]\].

However, when failure of transverse and left colon interposition occurs, alternative options are needed for reconstructing the long segment from the esophagus to the stomach. Here, we report cases of esophagogastric reconstruction with limited alternative options after the failure of transverse and left colon interposition, for which two different microvascular methods were used: double-pedicle jejunal free flap and supercharged ileocolic interposition.

CASE REPORTS
============

Case 1
------

A 65-year-old male patient with squamous cell carcinoma of the upper esophagus underwent robot-assisted esophagectomy and gastrectomy followed by reconstruction with a transverse and left colon interposition graft based on the middle colic artery as a conduit. However, anastomosis site leakage due to subtotal conduit necrosis was detected after 10 days, and cervical esophagostomy needed to be done. To salvage the remnant colon conduit, jejunal free flap reconstruction was planned. Because of the need for a long jejunum length (about 60 cm), the left inferior mesenteric vessels in the proximal portion and the right inferior mesenteric vessels in the distal portion were harvested together to perform double-pedicle flap surgery. Microvascular anastomosis was done retrosternally between the left inferior mesenteric vessels and the left internal mammary vessels, and between the right inferior mesenteric vessels and the right internal mammary vessels. The proximal jejunum was anastomosed to the remnant esophagus in an end-to-end fashion, and the distal jejunum was anastomosed to the remnant colon conduit in a side-to-side fashion. Perfusion was confirmed by checking for constant peristalsis of the jejunum ([Fig. 1](#f1-acfs-2018-02376){ref-type="fig"}). There was no sign of fistula or leakage at the anastomotic site at 3 weeks postoperatively, and oral feeding was started ([Fig. 2](#f2-acfs-2018-02376){ref-type="fig"}).

Case 2
------

A 64-year-old patient presented with squamous cell carcinoma of the mid portion of the esophagus. There was no sign of distant metastasis except for suspected metastasis at the paratracheal lymph nodes. Total esophagectomy and gastrectomy were done followed by transverse-sigmoid colon interposition from the esophagus to the jejunum with colon conduit formation based on the middle colic artery. However, the conduit was removed and feeding jejunostomy was performed because of ischemic necrosis of the conduit 2 weeks after the primary surgery. To resume oral feeding, revision with alimentary tract interposition was required, and the total length of the defect to be reconstructed was 40 cm.

There was severe adhesion at the previous jejunostomy area extending to the spleen and liver, which precluded the use of the jejunum. Owing to the previous use of the transverse-descending colon with the left and middle colic arteries as a conduit, the right ascending colon and ileum were the only choices. The remnant right colon and distal ileum, with a total length of 50 cm, along with the right colic artery as the pedicle were harvested to cover the esophageal defect. The ileocolic artery was dissected and clipped for high anastomosis, and the ileal portion was transposed to the resection stump of the esophagus in retrosternal placement. Because the long segment of the ileum was included in the graft to be interposed, supercharging of the ileocolic vessel was mandatory to guarantee full blood supply to the overall graft. The left internal mammary artery and vein were prepared in retrosternal space and anastomosed with the ileocolic vessels in an end-to-end fashion ([Fig. 3](#f3-acfs-2018-02376){ref-type="fig"}). The perfusion of the interposed intestine was confirmed by checking for fresh bleeding from the serosa and constant peristalsis of the graft. Ileoesophageal anastomosis was completed in an end-toside fashion, and the distal end of the interposed ascending colon was anastomosed to the jejunum in an end-to-side fashion. Finally, the proximal ileal stump was anastomosed to the sigmoid colon stump ([Fig. 4](#f4-acfs-2018-02376){ref-type="fig"}). The overall scheme of the procedure is delineated in [Fig. 4](#f4-acfs-2018-02376){ref-type="fig"}. There was no sign of fistula or leakage at the anastomotic site at 3 weeks postoperatively, and oral feeding was started ([Fig. 5](#f5-acfs-2018-02376){ref-type="fig"}).

DISCUSSION
==========

The use of the colon in esophageal reconstruction was first introduced in 1911, and the colon remains the first-line alternative to the gastric tube. As long segments are needed to substitute the entire length of the esophagus and stomach in total esophagectomy and gastrectomy, the colon has an advantage over the jejunum in terms of its longer length. Most surgeons prefer to use a left or extended left colon interposition graft based on the ascending marginal branch of inferior mesenteric vessels, owing to its reliable vascular arcade. However, the variation of mesenteric vessels around the colon may cause unpredictable ischemia. Although preoperative angiography provides information on the status of the mesenteric blood supply, twisting of the colon because of its position after cervical anastomosis and invisible monitoring may lead to inevitable necrosis. According to previous studies, the graft loss rate in left colon interposition was from 3.8% to 9.3% \[[@b6-acfs-2018-02376]-[@b8-acfs-2018-02376]\]. Furthermore, the incidence of anastomotic leaks and graft ischemia was higher if a long segment of the colon was used rather than short-segment grafting \[[@b9-acfs-2018-02376]\].

In cases of colon interposition failure, the free jejunal graft can be used as a solution. The jejunum itself has advantages over the colon as an esophageal conduit with easy mobilization, similar diameter to the esophagus, and active peristalsis. Thus, some surgeons prefer pedicled jejunum as the first option in esophageal reconstruction. However, because a tight arrangement of the mesenteric arcade may result in vascular compromise to the distal segment, it has limitations for short-segment use and free jejunal graft is often used by microsurgeons. In free jejunal graft, a single vascular pedicle generally vascularizes 25--30 cm of the jejunum, and esophageal reconstruction with the double-pedicle jejunal free flap has been reported to be able to transfer up to 60 cm of free jejunum \[[@b10-acfs-2018-02376]\]. Similarly, in our case, we obtained a 60 cm length of the jejunum with two pedicles in the distal and proximal portions. This double-pedicle free jejunum graft has advantages not only in terms of its vascular supply but also in its easy arrangement. Especially when using both internal mammary vessels retrosternally, it is easy to position the jejunum freely before anastomosis and perform microanastomosis in a wide surgical field.

However, if the jejunum is unavailable like in our first case, the only option for a long-segment esophageal conduit is ileocolic interposition. Ileocolic interposition is one of the variant techniques of right colon interposition including the ascendingtransverse, ileum-transverse colon, and ascending colon alone. Generally, the ileocolic interposition graft is based on the middle colic vessels, and many studies using this technique have been published. Moreover, the middle colic vessel was used exclusively as a pedicle in cases of supercharged ileocolic interposition graft augmenting blood flow with the ileocolic artery \[[@b11-acfs-2018-02376]-[@b13-acfs-2018-02376]\]. Different from previous studies, we have used the right colic artery as a pedicle, which was the only available vessel to feed the ascending colon. To secure sufficient length of the ileum as a conduit, the terminal ileum arcade and the communicating arcade between the ileal branch of the ileocecal artery and the marginal artery were preserved meticulously before transecting the ileum. This manner of using the right colic artery as a pedicle is not always available because the right colic artery is reported to be absent in 12.6% of patients and only 68% of patients have 3 separate vessels including the middle colic, right colic, and ileocolic arteries \[[@b14-acfs-2018-02376]\]. Thus, preoperative angiography and intraoperative Doppler pulse flowmetry should be performed to confirm the vascular anatomy along the superior mesenteric artery and its branches.

In selecting recipient vessels for vascular augmentation, we prefer the internal mammary vessels with reliable constancy. In patients with failed primary surgery, vessels in the head and neck region, such as the transverse cervical, superior thyroid, lingual, and facial arteries, are often adhered to the surrounding scar tissue after multiple surgeries or radiation therapy. Moreover, for anastomosis to these vessels, the subcutaneous route is required and this may result in disfigurement (subcutaneous bulging) as well as the risk of compression of the graft, which might compromise graft perfusion. As a retrosternal approach is required in most cases owing to manipulation of the previously operated conduit by the thoracic surgeon, it is considerably easy to approach both sides of the internal mammary vessels simultaneously in case of a double-pedicle jejunal free flap. Thus, we suggest the internal mammary vessel as the most reliable vessel for vascular supercharging, as in breast reconstruction.

Long-segment esophagogastric reconstruction remains a surgical challenge. The single most important factor in long-segment esophagogastric reconstruction is sufficient blood supply to the graft segment. As there are a few options after the failure of colon interposition in esophagogastric reconstruction, the thoracic surgeon, general surgeon, and microsurgeon should all be aware of the limited options and should be prepared to perform microsurgical techniques. As additional vascular supplement is essential in the long-segment jejunum or ileum-colon, understanding of the anatomy along the mesenteric arcade should is required. Selection of adequate recipient vessels is another important prerequisite in completing microsurgical vascular augmentation.

In conclusion, in cases of failed colon interposition in esophagogastric reconstruction, the double-pedicle free jejunal graft should be considered as a first-line option and supercharged ileocecal interposition can be an alternative option where the jejunum cannot be utilized. The microsurgical approach is essential in secondary long-segment esophagogastric reconstruction, and phased cooperation among the thoracic surgeon, general surgeon, and microsurgeon is needed along with a thorough understanding of the vascular anatomy of the gastrointestinal tract.
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![Overview photographs. (A) Photograph taken immediately after anastomosis of double-pedicle jejunal free flap. (B) Photograph taken 2 hours after anastomosis showing the peristalsis of jejunum.](acfs-2018-02376f1){#f1-acfs-2018-02376}

![Esophagography images of the 65-year-old patient (case 1) taken 3 weeks after surgery. No leakage or fistula was seen. (A) Distal portion. (B) Proximal portion.](acfs-2018-02376f2){#f2-acfs-2018-02376}

![Supercharged ileocolic artery and vein. The ileocolic vessels were anastomosed to the left internal mammary artery and vein.](acfs-2018-02376f3){#f3-acfs-2018-02376}

![Supercharged ileocolic interposition procedure (overall scheme).](acfs-2018-02376f4){#f4-acfs-2018-02376}

![Esophagography images of the 64-year-old patient (case 2) taken 3 weeks after surgery. No leakage or fistula was seen. (A) Distal portion. (B) Proximal portion.](acfs-2018-02376f5){#f5-acfs-2018-02376}
